Pseudomonas aeruginosa is the only gram-negative bacillus capable of producing the very distinctive water-soluble pigment pyocyanin. We evaluated the reliability of this characteristic as a unique test for the identification of this organism by using Tech agar (BBL Microbiology Systems, Cockeysville, Md.) medium. A retrospective and prospective analysis was performed with a total of 835 strains of P. aeruginosa; 818 (98%) produced pigment within 48 h of incubation, and 96% of those which produced pigment were positive after overnight incubation. Seventeen strains (2.0%) failed to produce pigment; 15 were mucoid strains from patients with cystic fibrosis. Tech agar is an effective, simple, and inexpensive medium for P. aeruginosa identification and may be used as a unique test for all potential P. aeruginosa isolates (beta hemolytic on blood agar; lactosenegative, oxidase-positive colonies). Nonpigmented mucoid strains, as well as other nonpigmented organisms, will require additional testing to ensure proper identification.
Pseudomonas aeruginosa is by far the most common nonfermentative gram-negative rod isolated in the clinical microbiology laboratory. In a hospital setting, this may represent as many as 10 to 15% of all gram-negative bacilli isolated.
The identification of this particular organism is carried out in most laboratories by somewhat complex biochemical test batteries (7) (8) (9) or by kit methodology (3, 6, 10) . These particular diagnostic approaches are expensive and may require as long as 48 h to derive an answer. P. aeruginosa is the only known organism capable of producing the very distinctive watersoluble pigment pyocyanin, other than a species of Streptomyces which produces cyanomycin, which is apparently identical to pyocyanin. P. aeruginosa also grows at 42°C, whereas some other closely related Pseudomonas strains wiil not (P. putida, P. fluorescens), and has a capacity for growth on cetrimide agar as well as a distinctive antimicrobial susceptibility pattern.
We evaluated Tech agar (BBL Microbiology Systems, Cockeysville, Md.) as a means of identifying P. aeruginosa strains in a relatively inexpensive and direct manner.
In 1954 Interpretation of pigment production. The presence of a green or bluish color was interpreted as indicating the production of pyocyanin. The presence of a yellow pigment only was interpreted as indicating the production of pyoverdin, or fluorescein. In the prospective study all slants were observed by one of the investigators, whereas in the retrospective study, strains were observed only by the technologist who was responsible for the culture evaluation on a given day.
RESULTS
A total of 835 strains of P. aeruginosa were analyzed for pigment production in this evaluation. Retrospectively, 524 strains (97.9%) of the 535 P. aeruginosa strains thus analyzed produced pigment on Tech agar, 294 (98.0%) of 300 strains evaluated in a prospective analysis produced pigment within 48 h of incubation. The majority of the strains analyzed prospectively produced pigment after 1 day of incubation (96% of those positive), and only 12 isolates (4.0%) required an additional 24-h incubation period.
There were 17 strains (2.0%) of the total 835 strains of P. aeruginosa evaluated which failed to produce pigment. Of these, 15 were mucoid strains isolated from the sputum of patients with cystic fibrosis.
All strains evaluated in this study, in both the retrospective and prospective portions, grew at 42 and 37°C and on cetrimide agar and were nonfermentative on triple sugar iron agar.
Analysis of technologist interpretation did not demonstrate any difference in terms of percent positive readings. Interestingly, in most instances where a mucoid, non-pigment-producing strain was isolated, there were also other morphological types of P. aeruginosa present which did produce pyocyanin pigment. No demonstrable susceptibility differences were detected be-IDENTIFICATION OF P. AERUGINOSA 457 tween those mucoid strains which did not produce pigment and the large body of those strains which were pigment producers.
Those strains which were delayed and required 48 h of incubation to produce pigment were generally mucoid, thus adding a predictive factor with regard to these particular strains. DISCUSSION P. aeruginosa, P. fluorescens, and P. putida all have the capacity to produce water-soluble pigments including pyoverdin, but P. aeruginosa is the only organism of the pseudomonads and other glucose-nonfermenting gram-negative bacilli known to be capable of producing pyocyanin. Although a Streptomyces species may produce cyanomycin, which is said to be identical to pyocyanin, the colonial and Gram stain morphologies of the Streptomyces would be radically different from that of P. aeruginosa. P. aeruginosa is also by far the most common isolate among the Pseudomonas species as well as among the nonfermenting gram-negative rods. Pyocyanin produced by P. aeruginosa is used in many clinical microbiology laboratories as an adjunct test in the various testing approaches used for the identification of P. aeruginosa. It has been our experience that pyocyanin is a very accurate sole indicator of the presence of P. aeruginosa, and in this particular study it was evaluated as a possible single test for the identification of this organism. Discretion must be used when interpreting pigment production. Pyoverdin may appear as a yellow-green color, which could be subjectively misread as the green color indicating pyocyanin production. However, pyocyanin is soluble in chloroform, whereas the pyoverdins are not. Therefore, any questionable green pigments may be confirmed by a simple extraction with chloroform.
In our combined prospective and retrospective studies, 818 of 835 strains (97.9%) produced pyocyanin, most of them within a 24-h incubation time frame. Those that required an additional day of incubation to produce pigment were almost all mucoid strains. This high percentage of pigment producers confirms the validity ofusing pyocyanin production as a constant and specific characteristic of P. aeruginosa in an identification scheme, especially among nonmucoid strains. Further, the kind of accuracy demonstrated with this particular biochemical test is comparable to that achieved with kit and standard identification methodologies.
Some mucoid strains of P. aeruginosa from patients with cystic fibrosis may not be pigment producers and may be misidentified if only pigment production is used as the identification on November 2, 2017 by guest http://jcm.asm.org/ Downloaded from mechanism for this special and selective group. Growth at 420C would indicate that these mucoid strains may be P. aeruginosa and would be indicative of the necessity for further biochemical testing to ascertain species identification in the absence of pyocyanin production.
P. aeruginosa is a very common isolate in the clinical microbiology laboratory, and its identification by commercial kits or by conventional biochemical or automated means (2) may result in a somewhat expensive process of identification. Further, more than 24 h may be required to carry out conventional or kit identification.
Tech agar is a very satisfactory alternative to extensive identification schema, and the cost of the tube would vary from $0.15 (our calculation of the cost to make it in our laboratory) to approximately $0.50 if purchased commercially. The use of Tech agar would allow identification after overnight incubation.
Most P. aeruginosa strains isolated in the clinical laboratory are strains which undergo susceptibility testing, the results of which can be used to confirm the diagnosis ofthese organisms. This adds further validity to the process proposed in this study. P. aeruginosa is susceptible to carbenicillin and is almost always kanamycin resistant, whereas P. fluorescens and P. putida tend to have an opposite susceptibility pattern with these two antibiotics (1) .
Tech agar is thus an effective, simple, and inexpensive medium for P. aeruginosa identification, through the modality of pyocyanin production, and may be used as a single test for the identification of all potential P. aeruginosa strains from primary plating medium.
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